Primary immunization with the T-celldependent antigen (4-hydroxy-3-nitrophenyl)acetyl (NP) coupled to human serum albumin results in the development oftwo pathways of B-cell development, the extrafollicular pathway and the germinal center pathway. Soluble, deaggregated NPhuman serum albumin injected before immunization results in a marked diminution of clonable higher-affinity antibodyforming cell precursors-
a marked diminution of clonable higher-affinity antibodyforming cell precursors-.e., a form ofimmunologic tolerance within the secondary B-cell repertoire. We describe here the cellular changes in the spleen that underlie this tolerance. Using multiparameter flow cytometry, we show that tolerant mice develop far fewer NP-binding, peanut agglutinin-positive, or germinal center cells than the control immunized mice; 14 days after challenge control spleens have -2 x 10 such cells per spleen, whereas the tolerant mice have 4 x 104 cells. Furthermore, we demonstrate by immunohistology a reduction in the number of germinal centers containing A-bearing cells, characteristic of the response of C57BL/6 mice to NP. Taken together, these data suggest an impairment of germinal center development in the tolerant mice.
Primary, T-cell-dependent immunization of mice results in two types of B-cell development (1) (2) (3) . One leads to antibody formation and the other to germinal center formation and immunologic memory as well as antibody formation (1) (2) (3) (4) (5) . In the spleen these two pathways can be tracked by using immunohistologic techniques (4, 6) . Germinal centers are of special interest, as they are the sites of immunoglobulin variable (V) gene hypermutation and of selection by follicular dendritic cell-bound antigen of B cells with receptors of higher affinity for the antigen in question (7, 8) .
We have previously explored immunologic tolerance in adult mice by using soluble, deaggregated human serum albumin (HSA) (9) or (4-hydroxy-3-nitrophenyl)acetyl (NP) coupled to HSA (NP-HSA) (10) to lower responsiveness. The focus of attention of these studies was the higher-affinity B cells generated in non-tolerant mice after strong T-celldependent challenge, the appearance of which was markedly diminished, as assessed by enumeration of antibody-forming cell precursors capable of forming specific IgGl antibody. This form of tolerance within the secondary B-cell repertoire was due to effects on both the T-and the B-cell compartments, although the former effect was more important (10 (Fig. 1A) . This population exhibited aclearbimodality in its binding to NP/NIP. The position at which to set the gates in order to select for the NP+ cells could thus be determined ( Fig. 1 B and C (10) . In other words the tolerance is apparent only after the first 6 immunization. This time lag may reflect the fact the tolerance may be mediated by some event that occurs well after the initiation of the immune response, perhaps impedance of germinal center development. Furthermore, it is possible that the "tolerogen" has caused a minor degree ofpriming within the extrafollicular pathway. Finally, it should be noted that the number of NP+ IgM-IgGl+ Al-cells is unaffected by the tolerance, suggesting that the effect may be confined to the Al+ VH186.2+ B-cell population so characteristic of the response of C57BL/6 mice to NP (12) (13) (14) (15) We sought to determine directly whether the tolerant mice developed antigen-specific germinal centers using the techniques of Jacob et al (4) . For these experiments, the B. pertussis adjuvant was omitted to reduce the degree of nonlymphoid infiltration of the spleen. The NP response in C57BL/6 mice is genetically restricted in that the majority of the primary anti-NP antibodies bear the A light chain and the VH186.2 heavy chain (12) (13) (14) (15) . It has already been shown that splenocytes bearing the A light chain are infrequent in carrierimmunized spleens (4). Furthermore, it has also been shown that the majority of the A+ PNA+ germinal centers label with NIP and express the Ac146 and Ac38 idiotopes (4). In addition, it was observed that all germinal centers were almost exclusively IgG1+ (4) . This is consistent with the data presented in Fig. 1B in which -60%o ofall IgG1+ A+ cells bind NP/NIP. With this knowledge we stained sections from immune and tolerant spleens with anti-A horseradish peroxidase and biotinylated PNA (Fig. 4 A and B) with a view to visuiing germinal centers that contained A-bearing B cells.
The results in Table 1 show that while there is no difference in the total number of germinal centers in control vs. tolerant mice, there is a significant reduction in the number of A+ germinal centers in the tolerant mice at day 14. The percentage of A+ germinal centers at day 14 in the immune mice is 54%, but in the tolerant mice it is only 25%. This reduction is consistent with the fact that at day 14 :60%o of all IgG1+ A+ cells bind NP/NIP (Fig. 1A) . The residual A+ cells in tolerant mice may well have been directed against other specificities. Staining for NP-specific germinal centers in these studies will clarify this point.
At The primary immune response of C57BL/6 mice to NP conjugates has been extensively studied (12) (13) (14) (15) Germinal center formation is a T-cell-dependent process and, as this tolerance is T-cell mediated (10), it is likely that the absence of T-cell help results in the impairment of germinal center processes. However, the events that trigger the development of foci are also T-cell dependent. Why then do we not see any great diminution in the number of NP+ IgM-IgGl+ PNAIO cells? It is possible that these extrafollicular cells are made tolerant through clonal anergy. This would be consistent with the considerable reduction in antibody-forming cell precursors noted previously through tissue culture studies (10) . If this were the case, then there would be no difference in their numbers estimated using cell cytometry. Alternatively, it is possible that the T cells in the extrafollicular and germinal center pathways have different susceptibilities to tolerance induction. Whatever the reason, it is intriging that the B cells from the two separate pathways should be differentially affected. The isolation and culture of these cells, their accurate quantitation by immunohistology, and study of the V gene mutations within them should provide us with a more complete understanding of this problem.
